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352a Tuesday, February 10, 2015microscopy analysis. We evaluate our experimental data correlating topolog-
ical changes with specific translocation event morphologies using all-atom
Molecular Dynamics simulations. Our results provide new fundamental insight
into characterizing DNA topology, and has important implications for anti-
cancer drug treatment and design.
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Telomeres are specialized chromatin structures that protect chromosome ends
from nucleolytic processing by DNA repair machinery. The foundation of
human telomere structure consists of a long array of tandem duplex DNA se-
quences (TTAGGG) and terminates with a single-stranded 3’ end. To protect
the chromosome end, telomeres are thought to adopt a lariat structure known
as a telomere-loop (T-loop)1. T-loops are stabilized by DNA displacement
loops (D-loops) generated by the invasion of a single-stranded telomeric
DNA tail into an adjacent region of duplex telomere. Recent studies suggest
that telomere-associated proteins promote strand invasion during telomeric
D-loop formation through the application of torque to the DNA2. Although
the molecular mechanism of T-loop formation has been described using
biochemical approaches, the torque response and internal structural equilibrium
of duplex telomeric DNA are not well characterized. To probe the mechanical
properties of duplex telomeric DNA, we developed a magnetic tweezers assay
to detect the response of single telomeric DNA molecules to precisely applied
degrees of tension and torque. Rotation-extension curves under varying tension
demonstrate that the repetitive telomere DNA sequence is more refractory to
torque-induced denaturation than a non-telomeric control molecule of compa-
rable GC content. In addition, force-extension analysis of negatively super-
coiled telomeric DNA in the presence of different counter-ions (Kþ vs. Liþ),
reveals that transient torque-induced denaturation of duplex telomeric DNA
promotes a structural transition into stable DNA G-quadruplexes. Lastly, using
a single molecule DNA topology-based assay, we directly monitor the torque-
dependent invasion of single stranded telomere DNA primers into duplex telo-
meric DNA tethers. Our results provide insight into the molecular mechanisms
of telomere-associated proteins and enzymes during structural remodeling of
telomeres.
1. Griffith JD, et al. Cell 97: 503-514.
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Small molecules (osmolytes) are known to either stabilize or destabilize pro-
teins/nucleotides depending on the concentrations and/or solvent conditions.
The presence of different molecules and ions in the surrounding medium affects
the stability of DNA in solution. In this work, we have developed a High-
Throughput method for quantifying the energetic impact of addition of various
osmolytes on short DNA duplexes. Six 19-base pair, non-self-complementary
duplex DNA oligomers along with a 16-base pair control duplex DNA, having
varied GC-content (ranging from 16% to 79%), nearest neighbors and end
sequences were used. We sampled thirteen different osmolytes that are com-
mon in humans and throughout nature by covering different chemical classes
including, sugars, polyols, amino acids, and methylamines. Varying concentra-
tions of these osmolytes (from 0.5 M up to 3.0 M) were examined for their
effects on these duplexes. Experiments were performed in 384-well plates
that were prepared using a robotic device, which was calibrated for the correct
dispense volume for different components of the plate. Temperature-induced
melting transitions monitored by fluorescence were measured for these
duplexes and the Tm values along with the m-values and melting transition
enthalpies were determined. Conventional approaches, including Circular
Dichroism (CD) were used to verify the thermodynamic parameters. Osmolytes
had varied effects on DNA stability, and the (de)stabilizing effect does not
necessarily correlate with their effects on proteins. The m-values can drastically
depend on the GC-content.1768-Plat
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Transposable elements are mobile genetic elements that are capable of self-
catalyzed excision or copying from their host’s genome, followed by integra-
tion back into another location within the genome. Transposable elements
increase in number over time as a result of this activity, and as a consequence
can make up a substantial portion of the host’s genome as ‘‘junk DNA’’; both
active and dormant transposable elements make up at least 45% of the human
genome, and up to 85% of the maize genome. Additionally, the unpredictable
reintegration of transposable elements into coding or control regions of the
host’s genome can have dramatic effects on gene expression, and, as a result
of this inherently mutagenic nature, transposable elements are thought to be
a major source of genome plasticity driving evolution and are implicated as
the direct causative agents of many human diseases, including hemophilia,
porphyria, severe combined immunodeficiency, muscular dystrophy, and breast
and colon cancers.
Despite their ubiquity and potential importance, very little is currently known
about the dynamics of transposon propagation through genomes, and their
contribution to evolution is inferred from comparative analyses of the genome
sequences of related organisms. In this talk I will describe methods developed
by my lab employing fluorescent microscopy, microfluidic, and molecular
biology techniques to allow the direct visualization of transposable element
activity in single cells and in real time. The proposed experimental system is
extensible to all types of transposable elements and all cell types, from bacteria
to human.
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In its physiological environment DNA is constantly exposed to mechanical
stress. The nanomechanical properties of DNA influence not only its response
to stress but also its interaction with proteins. Despite its crucial role in epige-
netics, little is known about how methylation affects the nanomechanical
properties of DNA. To investigate the impact of methylation on DNA
nanomechanics, here we manipulated single molecules of chemically or enzy-
matically methylated DNA and compared their properties with those of non-
methylated DNA. As a model we used a 3312-base-pair long sequence of
lambda-phage DNA that met the criteria of a CpG island. Chemically methyl-
ated DNA was prepared with PCR containing 5-methyl-CTP in the reaction
mixture. For enzymatic methylation the M.Sss.I methyltransferase was used.
Single DNA molecules were mechanically manipulated with force-measuring
optical tweezers in repeated stretch-relaxation cycles. Surface-adsorbed DNA
molecules were studied by using atomic force microscopy (AFM). We found
that the molecular contour length, bending rigidity and intrinsic stiffness
were decreased in methylated DNA, pointing at structural and nanomechanical
alterations. Furthermore, the cooperative overstretch transition was signifi-
cantly longer in the methylated form of the molecule, suggesting that
the dynamics of intramolecular rearrangements were also affected. AFM mea-
surements of DNAmolecules adsorbed to mica surface substantiated the signif-
icant reduction of molecular contour length in methylated DNA. By contrast,
the apparent bending rigidity of the surface-adsorbed methylated DNA was
increased, which is most likely caused by interactions between DNA and the
mica surface. In sum, methylation leads to an axial compaction of the dsDNA
structure, an increase in bending flexibility in the low-force regime and an
increase in axial compliance at higher forces (>20pN). Conceivably, modula-
tion of DNA structure and nanomechanics caused by methylation leads
to a complex control of structural accessibility and association kinetics of
DNA-binding proteins.
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One focus of our research is to select polycations to deliver oligonucleotides
into the cell for the control of gene expression. In this work, we report on the
interaction of poly(ethylene glycol)-b-poly-L-lysine (PEG-PLL) copolymer
with a variety of DNA molecules. Specifically, three PEG-PLL copolymers
with similar PEG segment but different length of the PLL chains were used
to interact with DNA duplexes as a function of duplex length. A combination
